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HAND HELD 3AR CODE READER 
ITH LASER SCANNING AND 2D IMAGE CAPTURE 



leld of the invention 



The invention relates t 



o an improved method and apparatus for reading bar 
codes and the like with a hand-held reader. 

Background of the invention 

/anous types of hand- held bar code readers have been develooed for many 
applications. These include wands , fixed beam, moving beam, linear CCD charge 
coupled device), and two dimensional CCD readers. All examples of the trior 
art hand held bar code readers suffer from a variety of drawbacks. 

Wands, fixed beam, and moving beam readers all operate using one same basic 
principal. Typically, a small spot of light is directed from a source of 
illumination to the surface of the bar code and is swept across the entire 
length of the bar code (i.e. a scan line). The intensity of the reflected 
none rrcm tne oeam is modulated by the bar code pattern. The reflected liahr 
is gathered by optics and focused on an optical detector which converts li Q ht 
intensity to an analog electrical signal. The analog signal 15 then 
thresholded to a binary value of zero, representing the black bars or one, 
representing the white spaces. 

Movina be am r p ad p ^ ^ r 5 -i -r-o /— t- == -n t rn ^- i a _ „ 1^ — _ _ ,~ ^ ■ 

- ^ — ^ ^ — ■ — - — — ^ a^i j_aoer ^^cim j_n a. reoetitive linear v -=> 

one - dimensional ;■ scanmna Dav«v- r 11(= ^ n ^ _ • k^- - - - 

lenses. These readers eliminate the need for manual scanning or sweeping of 
tne code. A moving beam reader typically scans at about 40 scans per second, 
allowing multiple tries on a bar code. Multiple scans provides a better chance 
to get a valid read on a bar code with minimal damage, however the readers 
must get a complete valid scan (i.e. cut through all of the bars in one sweet; 
in order 00 decode a bar code. Typical operating range of moving beam readers- 
is about one foot. Moving beam readers will not read damaged, poorly printed, 
height modulated, or true two dimensional codes. 

Another tVXje r'if* mm.'"-! t~> CT Wdrsm q^snnpr -i (- _ , ,_, ^_ _ - 

- - ~ — '- w ■ ^wd-t. bodr.iier ~s r..i'j-.vi. as ct raster laser scanner 

raster scan is produced by modulating the beam m the vertical ; 
addition 00 the traditional horizontal linear scan described above '^he ma~^ 
reason for this raster scan is to enable reading of stacked cooes such as 
Symbol Technologies' PDE4 1 7 . However, even these raster scan readers still 
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v - n 9 beam readers . linear CCD reaaer- 
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doing car codes s no roe 
IP - c a _ y less t na n ! inches; 1 . L 



than 



readers will net rea: 
dimensional codes. 



damaged, ooorlv or in cod 
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Two dimensional (2D.: .^CD reader 



s capture anc process a two dimensional imaae 
cr a bar cede. These readers are caoable 
conventional, damaged, multiple, height mc^ 
symncis along with true two dimensional c 
etc.). However, 2D CCD readers do 



or omnidirectionally reading 
uiated, or w 

, DanaKatrix 



~-r stacKeo car codes 
odes iMaxiCoae, P D F 4 1 7 



not p-rtorm well over long ranges , and 



require a separate means for aiming. Econ 
number of pixels forcing a 
High sample den 



emicai 2C C 



- - -ctoers nave a limited 
adeeff oetween sample density and coverage width, 
ity is required to read bar codes with very small module size. 
As sample density increases, coverage wiatn decreases, reducing one maximum 
length bar code that can be read. Therefore a compromise must made between 
sample density and coverage width. Moving beam readers do not suffe 
drawback . 



r rrom this 



Summary of the invent 10 



n 



The present invention is embodied in a hand-held bar code reader which 
combines a laser scanning module with a two dimensional image sensor and 
processing for reading a bar code. The reader m accordance with the current 
invention provides complete backward compatibility with traditional laser 
scanners along with the two dimensional (2D) imaging capabilities of 
omnidirectionally reading conventional, damaged, multiple, height modulated, 
or stacked bar code symbols along with true two dimensional codes (MaxiCcde, 
PDF41-, DataMatrix, etc.). The present invention combines the orior art 
technologies of laser scanning and 2D imaging m a novel fashion that crovides 
numerous benefits. The 2D imaging reading operation is improved by using the 
laser scan as a spotter beam for aiming. Additionally, the laser scanner can 
assist -he 2D image processing by providing information on location, type, 
range, reflectivity, and presence of bar code for 2D reading. The majority of 
the electronic components of the reader are synergistically shared between the 
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ias - scanner and Cue 2D imaainc including n>-o^--— - r -r~H o^r- ™ 

Description of che drawings 



Figure 1 is a view illustrating a bar code reader m accordance with the 
present invention. 

Figure 2 is a block diagram of a bar code reader m accordance with the 
present invention. 

Figure 3 is a flow chart illustrating operation of the bar code reader 
in accordance with the present invention. 

Figure 4 a is a three dim^nq -i ^it,^^,-.,^,--^^^, 

- -j. ~. — a^> ^i O.L. i^n ,jl tne placement of the 

laser beam and its scan width with respect tc the imaging optics and field of 
view in accordance with the present invention. 

Figure 4b illustrates vertical displacement cf the laser beam with 
respect to the imaging optics and field of view m accordance with the present 
invention . 

Figure 4c illustrates vertical and angular displacement of the laser 
beam with respect to the imaging optics and field of view in accordance with 
the present invention. 

Figure 5 illustrates an arrangement of illumination for imaging in 
accordance with the present invention 

Figure 6 illustrates an arrangement cf a position sensing device for 
determining range in accordance with the present invention. 

Detailed description 

A bar code reader m accordance with the present invention is shown in figures 
1 and 2. The bar code reader is a combination of a traditional laser scanning 
reader with a 2D imaging reader. The reader can read bar codes with the laser 
and/or with 2D image capture and processing. The 2D imaging reading operation 

is improved bv usinq thp 1 ase ^ <=:<~=jn a c _ — v c 

=> " - -ct^t^ scan as a spotter beam for aimina 

Additionally, the laser scanner can assist the 20 image processing bv 
providing information on location, type, range, reflectivity., and presence of 
bar code for 2D reading. The reader m accordance with the current invention 
provides complete backward compatibility wirh traditional laser scanners along 

wi th the 2D imacrincr caoa w - 1 - *- <=* q ^-p *™t> ~ - v- « ~ - -i 

J - - ^ ^ ~- ^.^.re^uionci.iy reacmg conventional, 

damaci ed , mul t it>I a h^ierht rri^Hi^ ^ >- . - u. 

y , uiu_^^_, augr.L iP^iLi.a.e., or otaCKea car coae symoois alone with 
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reading process begins . This knowledge can ce en 
:>r could ce automatically- 
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as to what type 
read most successfully 



me reaaer via I ■■ C 
tne reader keeping statistics 
r car coaes are usually encountered and tne ways they are 



i ea men " c 



.e third ^ode i 



s tne laser oriontv moce 



, where the reader attempts to us 
the laser scanner at a higher priority than the 2D image scanner. This mcc 
would typically ce used when the bar codes of interest are usually linear 
pnysicaily very long (and would therefore net be c 
the field of view of the 2D imager', " 
where the bar codes are at very long ranges 



are 

ompletelv contained within 
have very small module sizes, and/or 



Tne fourth mode is 2D priority mode, where the reader attempts to use the 2D 
imager at a higher priority than the laser scanner. This mode would tmicallv 
ce used where the bar codes of interest are typically true two dimensional 
codes, or damaged, multiple, height modulated, or stacked bar codes symbols . 
Additionally, this mode is useful when omnidirectional readme 
is desired. 



~z imear ccc^s 



-Another mode is laser only mode, where 2D imaging is never used. This mode is 
used to conserve power. Another mode, 2D only 



/ moae , is where the laser is 



never used. The 2D oniv mcde is useful for 



situations when no laser 



reaaac- e 
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~ar coaes are expected. A bar code reader With a laser scanner and 2D imaging 
capabilities provides for a wide range of operating modes . 

A 2D imaging module 10 consists of imaging optics 12 coupled to image sensor 
14 as show in figure 2. The output of image sensor 14 is converted from 
analog to digital m A/D converter 16 and stored in memory 18 by processor 30. 
Memory 18 may be a RAM memory such as SRAM, DRAM, or any other tvoe of 
read/write memory. Illumination is provided by illumination module 80 by LEDs 
in cluster 82 and cluster 84 under the control of processor 3 o'. The 
appropriate power for the LEDs is provided by power control 8 6 responsive to 
processor 30. Ear code decoding, and overall reader control is provided by 
processor 3 0. 

Laser scanning is provided by laser scan module 40. This module consists of 
laser 42, laser power control 41, ccllimation optics 44, scanning mechanism 
46, collection optics 43, collection sensor 45, and processing circuitry 50. 
The output of processing circuitry 50 may also be stored m RAM 18. Trigger 
60 activates the reading process. The decoded bar code information is output 
to an external device by I/O port 70. Additionally, I/O port 70 can be used 
to supply power to the hand-held reader. 

Processor 30 is typically a high speed microprocessor such as the ARM, 
PowerPC, Hitachi SK series, MIPS R3000 or R4000, TI320Cx series or the iir.e 
The memory for processor 30 is both non- volatile memory is for storinc 
programs, configuration parameters, etc. (examples include: ROM , flash ROM ; 
and read/write memory 18 for image processing storage / scratch pad. The 
output of reader 100 is decoded bar code information. 

Operation 

In operation, a bar code read operation is triggered in various fashions 
including manual, automatic, or continuously. A bar code read operation is 
initiated in step 300 in figure 3. Processor 30 responds m various fashions 
depending on the mode of bar code operation desired. Since the bar code reader 
has the ability to read bar codes with the laser scanner or with 2D image 
capture and processing, tne operational modes a>~~ r,v-^^v a v^^ _ 
reduce total read time and to increase overall read rate. The total read time 
includes the time it takes the operator to correctly position the reader in 
relationship to the bar code along with the actual time it takes to laser scan 
or capture an image and process the bar code. 



n a 



— ^-.ematincr mo ae , a n a ^ "od^ >-* » a ^ i — ^ *_ ^ ^ , , — _ ^ ^ , , 
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210, producing a laser scan line. This line is used simultaneously bv the 
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o ^ _ ^ ^ m a/ ir.c.uae wavesnapmg, threshcidir.g and other 

circuitry tr.at 13 well kncwr. in the ar: of laser bar -ode scanners. 
Aaa::icnaliy ( electrical signal 55 mav be digitized to m^^ rH a r 
;i.e. gray scale: enabling mere sophisticated orccessmc . >ios t or-* or a^-- ■ ~s-- 



^ : - - ■ - - • ■ r >- n 



scanners tnresncra received scan lines to bmarv (i.e. bla 

to decoding due to their limited processor capability. However, trie current 
invention already nas the processing power required to decode a grav scale 1 
dimensional image, enabling sophisticated processing of a one dimensional 
laser gray scale signal 55. Additionally, A/D converter 15 could be used to 
digitize signal 55. 

If. after a predetermined amount of time or number of laser scans have 
occurred and a bar code has not been successfully read at stec 330. tee las^r 
is snut off, and a 2 dimensional image is captured at step 340. The captured 
image is read out of image sensor 14, digitized by A/D converter 16,. and 
stored en image memory 18 at step 340. The image can be stored memorv 1.3 m 
various ways including direct processor control, using DMA , or bv dedicated 
circuitry. The reader now has a digitized image of its field of view, which 
may contain a bar code label, stored m image memory 13. Processor 3 0 executes 
stored programs to locate and decode the bar code at step 350. If the decode 
was successful 360, the decoded bar code information is output to an external 
device by I/O port 70 at step 370 and the system may stop at step 3 80. 

The laser scanner may detect the presence, type, and location of bar codes, 
areas of activity, or other information during the processing of signal 55. 
If a bar code was not successfully read at step 330, this information may be 
used to assist the 2D image processing. 

Additionally, the processing of the captured image may be interrupted on a 
regular basis to process new laser scan lines. The reader may overlac or time 
share the processing of laser soan lines with 2D images. The amount of time 
required to process a laser scan line is very small compared to the time 
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required :c process a 2D image. These new scan lines are useful :o been aim 
the reader (especially useful if the first: image capture and processing fails.! 
and co decode any bar code that the line scans. 

Since the operator typically attempts to center the bar code m the field of 
view of the reader , it is also useful to provide operating modes where the 
processing of the 2D image concentrates on the center of the image. The 
algorithms can start in the center and work outward to save processing time 
(assuming the bar code is near centered; . Additionally, if there are multiple 
bar codes in the field of view, the reader can place emphasis on the bar codes 
closest to the center by issuing them first, suppress ing non - centered bar 
codes, or other variants of operation, based on the position of bar codes in 

l _ i i " _ l i ej j_ '^j i. i ^ ; 

1 f no bar code was 1 oca ted / decoded at s t eps 3 5 0 and 3 6 0, the reader may 
repeat the entire process as long as the trigger is still activated by 
returning to step 310. If a bar code was decoded at step 350, the reader may 
then deactivate . 

Beam width 

Since the laser scan line is used by the operator to aim the reader, it is 
desirable a *~ t irr^^ to limit the width of the scan 1 me to the width of t hie 
field of view of the 2D imager. This gives the operator the ability to aim the 
reader at a bar code and center the bar code within the field of view. Figure 
4a shows field of view 400 of 2D imaging module 1 0 and laser scan line 410 
limited to width W . Additionally , it is preferable to have the width of the 
laser scan line be adjustable to the approximate horizontal width W of field 
of view 400 when used for aiming, and to a long width for reading bar codes. 
This long width is shown by scan segments 410, 42 0, and 430 (for a total width 
of W + SI + S2) . Adjustable scan width is accomplished in various ways. In a 
resonant laser scanner such as DI-1Q00 by PSC Inc., scanning mechanism 46 
includes a resonant structure which is energized by appropriately timed 
electromagnet ic oul ses . The preferred method of 1 lmiting the scan width with 
a resonant scanner is to cycle the laser :n and off using laser power control 
41 while scan mechanism 46 remains on continuously. The full laser sweep is 
shown by lines 480. The laser is turned off outside the field of view 
(segments 42 0 and 43 0} . The laser is turned on within the field of view 
[ segment 4 10) . 

The correct timing for turning the laser on and off can be determined 
automat icaliy by capturing and process ing images of the laser scan line with 
the 2D imager . The timing is i terat i vely ad j us ted and analyzed until the scan 
line is the accroor rate width . In a tref er r ed method , first , the laser beam 
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m is ae sirao^e m certain s i tua t ions to u™.:: t 
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ne scan i: ne t e 
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limit ma the scar: width 



nowr: 

f the scan line to trie 
the scan line emanate 
Ficrure 4b is a 



The scan line is preferably centered vertically on field of view 4 0C as 
in FIG 4a. In order to ma in t a i n the correct relation 
field c f view of the 2D l mage r it is desirable to ha v 
from a pc:n: ve r y close to the op 1 1 c a 1 a ;■: i s of the ID i mage r 
side vrew illustrating the position of laser scan module 4 0 m relation to 
imaging module 10, Laser scan module 4C ;_s directly above 2D optical axis 440 
and laser beam 450 is ho rizontaily a I i gne d a nd centered i n field of view 4 0 0. . 
A certain amount of parallax is unavoidable since it is impractical to also 
vertically align and center the laser scan beam. Gne way to overcome this 
issue is to have the laser oarallel to and siiahtlv above the center 



optical axis as shown in figure 4b. In this case laser beam 450 is always 
slightly above optical axis 440 by a distance V. As long is distance V is 
relatively small, the operator will be able to center bar ooaes with adequate 
precision. Alternatively, the laser scan line can be aimed slightly downward 
to place scan beam 450 closer to vertically centered with optical axis 440 as 
shown in figure 4c. However, the vertical position of scan line 4 10 m the 
field c-f view changes as the range to bar code changes. The vertical oosition 
of scan line 4 10 lowers as the range gets longer. 



Triguermc 



In addition to the ooer a t mc modes described above, the reader car. also 



induce a multiple position trigger 



1 1 1- 



6 C f o r 



separately enabi mg the laser 
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When the trigger is pulled to the first position, a oar code 
initiated. The laser scan module 40 is activated at step 310 producing a 1 
scan line limited to the width of field of view 400. In this mode, the laser 
scan line is used primarily by the operator as a spotter beam for aimina the 
reader. However, the scan line is also used to attempt to read bar -odes. 

When the operator is satisfied with the aim of the reader, the operator may 
then pull the trigger to the second position, causing the reader to shut off 
the laser and capture and process a 2D image. If a decode was successful, the 

reader outputs the result and turns off - * t- h ^ H^r-^d- w-i- — ~ - >- h 

- „ct^ ^^^.^j. j.n i_n<= oe..unu ^Cai^ion, thy reaaer may ao into anv of 

the modes described above (alternating, known, etc.) 

The reader may also control the laser scan width as a function of triqaer 
position and operating mode. For example, if che trigger is m a first 
position, the reader may operate in alternating mode with the laser scan width 
limited to the width of the field of view. If the trigger is pulled and held 
to a second position, the reader may operate as a traditional laser scanner, 
with the full laser scan width and no 2D imaging. 

Any combination of multiple position triggers and modes used m conjunction 
with a bar code reader comprising both a laser scanning module and a 2D imaae 
capture and processing ability are to be considered within the scope of the 
present invention. 

Illumination Uniformity 

In order to capture the most accurate image of the label bema read, the 
illumination must oe sufficiently uniform over the entire imaged area. There 
can be slow, gradual variations in illumination intensity over the entire 
area. The absolute level of variation tolerable is a function cf the label 



r i 



ir.s 



er^ectiviry and contrast, and the robustness of the processing algorith 
Sharp, cr nagged variations in light intensity over the imaged area ar- 
generally not acceptable. 

There are many methods of providing uniform illumination for a label at a 
given distance to the reader. However, the croblem become mo^ ^ -i « i t- 
tne reader is operated at varying ranges frcm the desired label. Additicnailv 
lllurtmation intensity as a function of varying range must be considered alone 
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illur.inaci^r. at different distances bv having T.ulticle tlusters of LEuc . Eacn 
^ i °~ c^s^er— are desiu^ed "~ ~ c^^vid" ^ *" c * v " ~ cr ^ a *~ c ~ ^ ^ v - — . - . . _ . 
ranges. LED cluster 32 is used at close range, shewn as distance Ra . The LEDs 
m cluster 51 s hcu 1 d ill ur, mate i n a w ice angle pattern 513 t c cover area 
50 0a. Cluster 24 is used at longer range Rc tc illuminate area 50 Ob. The LEE s 
i n cluster 84 s he u 1 d ill urn mate s ma Her a ng le pattern 520 to eliminate va s t e d 

intermediate ranges the ui^iunatitn v;ill be creviced by both clusters In 
general, LED clusters m,a y c e used i n c c mc i n a 1 1 c n to c r o v i d e ur._:: r m 
ill urn i na 1 1 c n over all r a nge s . lEDs wit n i n a c 1 u s t e r ma y ce pointed i n t h - same 
way, cr be individually aimed to provide the nest coverage. In all of the 
various arrangements, the type of LED 'focal length 7 angle of radiation, 
intensity: must be ones en tc provide the proper overlaps and uniformity. 
Additionally, the LEDs can be connected m a fashion tnat provides tolerance 
to defective cr failed LEDs { ex ample: wired m parallel- . 

The LED clusters can be controlled i n d i v i dua 1 1 y or used all t og e t h e r . In the 
c i mp lest case, all clusters are flasned to get he r . If one reader ha c t ne 
ability to detect rang e , o n 1 y the clusters wh i c h will p r o v i d e t he best 
illumination should be used. Additionally, the clusters may nave individually 
controllable output power and duration. Finally, one number and position cf 
clusters,, along with the choice of LEDs (angle, power, arrangement. 1 must be 
onosen to best suit the desired range and coverage width of one reader. 

Specular reflection reduction 

Specular reflection occurs when an illumination source is reflected m a r.or. - 
diffuse manner off of a glossy surface onto the imager (i.e. the bar coae 
label acts like a mirror) . The result is an overly bright spot which saturates 
the imager. There are generally three types of bar codes which experience 
specular reflection problems: bar code labels with a clear glossy coating, bar 
sode labels printed with glossy ink, and bar codes that are behind glossy 
wrapping (such as poly bags, etc. } . In normal operation, bar code readers rely 
on white ( the spaces: reflecting more light than the black (the bars.. . Any 
specular reflections reflect more light than either the white or the black, 
and can render a bar code unreadable unless the specular reflections are 
eliminated and/or reduced m size. Prior art readers have used cross 
oolarization to effectively eliminate specular reflections, however, cress 
polarizing increases the light energy required by a factor of 6 or more ■'which 
dramatically increases electrical energy required, and the number and size of 
light sources) . Additionally, a reader using oross polarization can not take 
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advantage of ambient light: fcr illumination. 

It is desirable to reduce to coch number and size of light sources, and -c 
position them in a way thai sends specular reflections off i n harmless 
directions (i.e. not seen by the imager). Each cluster of LEDs as shown m 
FIGS. 1 and 5 act as if they are effectively one point source, giving th^ 



r 



aaer only 2 effective sources of specular reflections . If a specular 
reflection is received due to a cluster, only a small portion of the image is 
therefore rendered unusable . 

In the current invention, the illumination sources are positioned m a way 
that sends specular reflections off m harmless directions. The direction of 
specular reflection is illustrated bv liaht rav a^ c >-,f-^ w,, „-i,.__ v . 

If a specularly reflective label s present where this ray intercepts uhe 
label at 500b, the reflected ray 53 0b is not seen by the imager, and likewise 
with light ray 540a generated by cluster 82. If a specularly reflective label 
is present where this ray intercepts the label at 500a, the reflected rav 540b 
is not seen by the imager . 

There are many combinations of light sources m accordance with the current 
invention that will be effective at varying ranges to provide uniformity 
constant absolute illumination , and specular reflection reduction . 

Power control / sudd! v 



m 



The illumination requires a relatively large amount of energy delivered 
short time, exceeding the current delivery capabilities of many host computers 
(i.e. portable, battery operated). Therefore, the reader may include a means 
to control and power the illumination, shown as LED power module 86 m fiaure 
2. The power module is used to provide the energy instantaneously needed bv 
tne reader for illumination by using an energy storage device, preferably with 
low effective series resistance {such as a capacitor), that is charged during 
the intervals between LED flashes . In readers requiring very intense 
illumination, the storage device can be a rechargeable battery (i.e. NiCad- 



^u t o r jcus 



Auto focus can be used to greatly increase the usaoie range cf the 2D reader 
Additionally, the use of autofocus allows imaging optics with a smaller 
number, which allows capturing images using less LED or ambient iiaht and - z 
using shorter exposure times to reduce motion blur. 



Ranae determination / D^f innai ray-, a** ^<=*= c^ n >-n , 1C ;-i~~ ^.^^-.^ _ 



C3 Cd. 
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o g e reading . The use cf a cane cass cccica : ~ ^ "f - >~ 



- lc, - ! -^- to Jie .asir wav- 



uncesire g a :m :er:: 



— *~- >- .ri - >- 



_ .2c e-.ee aimenc = using cr.e laser scanner r.easu- range 13 shown 
figure 6. Laser scar, nodule -5 C 13 pcziti — ed in a manner ;ha: ocar.3 benin 

Hi >— ■ f-T j— v-« «— ^ " 3 " " "O ^ -j ^ , n _ 



■ 1 - • - ^ e J - ■** - r. ■= ;as e r i r. a v e r c : c a 1 
reflected laser bean, enc: PSD -~ ~. t-- 



t i „ ct _ g i s p . J. cx c e me n t or reflected laser b *= a m - 



r 



i u on ? 3 D 9 0 13 or^cc^'i-^a ' 



~^ng~ :r:r. tne reaaer tc tr:e taraet. As c:ae rancr- --„^-~^- 

i'ei.ecrec laser beam mo v~ s closer t- - - ~ ^. - — - - v. ~ - - -p r - „ . 

_ . . _ - ■-- - ~. _ . i ~ - - - . .a-j a i stance :s 

calculated by simple geometry { similar Lnangl-s, ~ ^ - h~ ^a^ -1 i- — -nr,~- 
_ - ^ j — — ^ ^ ^ ^ ^ _ ^ _■ . , w _ _ a ^ ^ c r= a m : . _ n at c i c o _ a c e me n t 3a ~ ~ *- n - 
-aoe^ 13 at the greater rancre Rb tne refle^--^ 



moves closer to the toe cf FSD 90 shown as 



I sp- a cement D b 



— ^ — — . i'-j CA>. 



im^iar rasnicn, tne reader can also determine the ranqe bv ca- 
a-^age of the laser scan cn the 2D imager, and tnen calculating tne distance 
to the bar code by the position of one image of the beam on one image sensor 
instead of a PS3 Th fi 'as s >- ^ = -noH ^T^-n.^, . 

' ^ a. ^ _ ^_ ■ 11L " 3 ^ bi: o^d^.neG pd-Tctl i£l CO 3 n G C'ttSet T ->-'~\™ - '"i ^ 

an optical axis of one 23 imaging axis . 

In a reader embodiment v/ith autof ecus , tne reaaer first scans the ba- <~od^ 
with tne laser used to aim, attempts to read one bar code, and to determine 
the range. If the laser did not read the bar code, the reader then adjusts the 
2D imaging optics based on tne determined range, and then cantures and 
processes the image of tne oar code. This may be repeated m an iterative 
fashion until the bar code is read. 



Aaaicionally , it is also possible to use an autofocusmg lens on the laser 
scanner to increase laser scanning range. Tne laser/PSD combination can oe 
used to determine the correct setting for the laser i :^v^ ? qr ^--^^ 

rmdmg described above works even if the laser is not well focused) 



The bar code reader could also prevent images from being captured if the 



ance 
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was net appropriate (i.e. too close or too far) . This can appl y to a reader 
with fixea or variable focus optics. Various warnings can also be given to the 
operator to alert of these conditions including flashing lights, liants of 
different colors, modulating the laser (dashed pattern, flashing, etc.;, or 
audible warnings. The reader can also operate m a rr.ode where the reader auto- 
triggers when in range. 

While it is appreciated that there are many ways to determine range to an 
object, the present invention determines the range adding any minimal 
additional components. Additionally, the reader may be calibrated during 
manufacture by positioning targets at known distances from the reader. 

A.u i o T r i 'T'T er ~ oresentatio n s car nie v 

In a presentation type application, the reader can operate in a moce wnere the 
reader auto - triggers the image capture when a bar code is present. The laser 
scanner, if operated continuously (or repeatedly scans after a predetermined 
time interval) can detect a bar code's presence by sensing change in tne 
returned signal from a known (or previously captured; background. If the laser 
scanner detects a change and cannot decode the returned laser signal, an image 
is then captured and processed. Presentation readers are typically hand held 
scanners that are mounted in a way that allows reading without tne operator 
holding the reader. Presentation readers also include fixed mount readers 
(i.e. not hand held; such as retail point of sale readers. Presentation 
readers include any reader where the operator moves the item with a bar code 
into the field of view of the scanner . 

Any bar code reader , including hand held or f ixed mount , that comprises both 
a laser scanning module and a 2D image capture and orocessinq abilitv are to 
be cons ide red 'within the scope of the present invention . 

Exposure cent rol 

It is desirable to control the exposure of the image captured. The exposure 
can be set based on factors including range, area covered, ambient licrht, and 
surface reflect ivitv . Th e preferred method for c o n t r c 1 1 i n cj the exposure is " ~ 
control the duration and power of the illumination along with tne exposure 
time of the CCD. The method of determining range described above can be used 
as an input to the correct exposure. 

Image capture 

A suitable image sensor fcr use with the present invention is a progressive 
scan CCD such as the Sonv KX084. A progressive scan imaaer captures an entire 
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out c i ons ^ 1 1 uir.ir.aticr. 



~ 3. . ■ 



;r.a:;y 6; 



^* d _ r _ w d - ^ - ~ w o ^, -r: 



d ^ -r - 



■ e reader may ' pre - capture - an imaae of the 



area iikelv *- 



without using illumination ; or reduced LED iiiumi.oat ic: 

on- ambient light and label reflect " i~-. — 

allows one proper setting of illumination duration and CCD 



c n t a i n a o o. r code 



- — ^- d ^ - - - _ H.aCI 



ocvoeage o 
.1 terna tivel 



m a \ - occur a u r i n g t n e 1 
f whe re one r e f 1 e c o e 



anoear or; 



— -.id-— _ L 



t ne .aser can be s hu t off d u r i n cr the " o i ~ 



1 r- o 1 ' ^ 



. a o e r oe 



=: d ; ; ; 



r a na e / e xdc sure 



* ne -aser can be used as tne illumination source for surface ref 1 act i vi tv 
determination as well as range determination. Tne light sensor • • < cr 90. ano 
signal processing used to capture the reflected laser scan must have the 
ability to detect variable levels of lignt roourned. Liahc level 3 ^c : ^ - , : 
prererably implemented using an A/D converter connected to the liqht sensor 
Tne benefits cf using the laser for surface reflectivity determination include 
lower power consumption since the mam illumination sources do net have to ne 
flashed, and a savings m processing and imager readout time, since witn one 
scan of the laser, both the range and the surface reflectivitv can oe 
determined s imui taneous 1 v . 



A 1 1 e ma tivel v , 



ne 2D CCD can be used 
~aser scan provided that the CCD 
simultaneously. The image read cut c 
reflectivitv levels of the 



tw image; tne area illuminated bv the 
exposure and the laser scan occur 
r the CCD will then contain surface 
rea of the bar code where the laser scanned, alone: 
witn information about the ambient light level 
was not scanning. 



a. 



s on the scene were the la 



Quiescent / wakeuo oower control 



The present invention preferably includes a means to minimize power 
consumption (i.e. quiescent current draw,- during the time the reader is not 
being used. Minimizing quiescent power is achieved by putting the reader m 
a sleep state and is especially useful for battery powered applications,. 
Additionally, the reader must also be able to "wake-up" from the sieeo state 
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as fasti as possible in response to 
now deep a sleep the reader can be 
power consumption while sleeping. 



a trigger. There are usually tradeoffs m 
m and how fast it can wake -up versus the 



There are a variety of ways to minimize quiescent current draw. Most modern 
processors have varying sleep states where portions of the processor are 
turned off and/ or clock speeds are reduced to conserve auiescent cower. 
Additionally, certain components can be turned off including tne CCD, and 
power supplies . 

Factors that contribute to the time it takes the reader to "wake-up" from a 
quiescent state includes the time for the processor to come out of a sleep 

\ >-j i —i t i r i c? i r -\ "! "V I—- , n a t m a t~ i — * >~ i r i t- -i r~r >-\ -i— i ^ ^ r-± /-* +- ^ v v — , ~i i— — . n t „ ; . _ _ 

w- ^ ^ ^, — -j — *_ <^ — , ' luiC v^a-i-t-iM^^j iicrtl^wifci-i j_ \_> i. ^.^zci^iSr i_'0 ^ l a U j L j^. ^ , 

the time for the CCD to turn on, and the time to load the program from ROM 
to RAM. If the program is maintained in RAM tusmg- low current draw seif- 
refreshmg DRAMs or SRAM) the time to load the program is eliminated. 
Additionally, the reader can operate in a manner which enables certain 
features such as the laser to be energized for aiming while the processor 
and other circuitry are waking up. 
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^r = a. ana a processor for processing saia image;;, sai 

a. a two dimensional image sensor: 
O' ■ memo r v ; 

c a rr; i crccrocessc r * 

^ ™ " ■ ' • cr e n e r a r. i n c ~i ' ~ cz ^ ■ 

" ~ ' ' i o a i n s a x a t i e ^ a 



; ma ~m 



aser ocar. -ine genera tor ^o^ 
can .me :s a: lease partiiallv contained wi- — - ^ 



a p c u r e m caul 



eaaer m accordance wit;: claim. 



^ _ - _ ^ - 1 d _ . A idc-: scar, ^ l 



- reaaer in accordance with claim I, who re in said laser scan li-~ 
ci i m i n g s a i o reaaer. 

A reader ir. accordance with claim I. =, a — r w - < ~- ■ 



~^e mcou_e nas an optical axis, and 



^ a _ _ -doer scan 



eman -i t e s 



m.ct^e wine axis 



- reaaer in accordance with claim l, wherein one la- 



ba^u w a. wd x a/.s , ana sa 
said optical axis to ccrr.nensa 
aid offset. 



o -.,ai line is 
-aser scan line is s 1 1 ah 1 1 v arc'-' 
i o r o a r a 1 1 a x errors i r - ~" i ■ ^ ^ ^ — - - 



. reader in accordance wxth claim 1 further arises a aroa^ 
1 SaiQ ni:r ° prOCe£SOr for processing the images captured by said irr.aae 



sensor starting substantially m the center of the field cf and 
working outward, whereby a symbol close to the center of said'tiel'd^f -,ie^ 
is decoded first . 



A reader in accordance with claim i, f:^~^ ~ orr -^ 



executed on said microprocessor for d 



to the center- of said field of 



ses a program 
referential ly decoding symbols close 



S. A reader in accordance with 



vie w 



a.aim l, further comprises a oroaram 



executed on said microprocessor for ordering one output of decoded symbo 

responsive to the oos^^^^n C1 ™u n i „ . . c . , . 

^ w - * l^^^-w^^i. w ^ i_ne s yrruo Cis m saic fieia o 



A reader in accordance witr. claim wherein said laser scan line 
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generator generates a variable width laser scan line 



A reader ir; accordance with claim 9, wherein said a laser scan line 
generator is comprised of; (a; a resonant scanner; ana :b) a laser power 
control for modulating the laser on and off . 

11. A reader in accordance with claim 9, wherein said laser scan line 
generator is comprised of a controllable position mirror. 

12. A reader in accordance with claim 9, wherein the scan line is wider 
than the field of view, whereby bar codes wider than said field of view can 
be decoded . 

12. A reader in accordance with claim 9, wherein the scan line is 

subsc an 1 1 a 1 1 y as wide as the field of view, whe r e by a visible indication of 

the field of view is provided, 

14. A reader in accordance with claim 9, wherein the scan line is 
substantially narrower than the field of view, whereby a visible indication 
of the center of the field of view is provided. 

15. A reader m accordance with claim 9, wherein the scan line is collapsed 
to .sues t an 1 1 a i i y a point, wne r eoy a v i s m .1 e i nd i o a 1 1 on of the center o f t he 
field of view is provide d . 



1 r. A 



reader m accordance with claim 9 , wherein the width of the s 



can. line 



is m e a s u v ~ ~^ d b y 



(a ) 



turning 1 on said laser scan line ; 



\b ; capturing an image with said two dime:^.. iiu . ^ , 

icj processing said image with said microprocessor to determine the width 
of said scan line. 

1^. a reader in accordance with claim 9, further comprises a program 
executed on said microprocessor for automatically adjusting the width of 
the laser scan line . 

16. A reader in accordance with claim 3, further ccmonses operator 
selectable laser scan line widths . 

19 A. reader in accordance with claim 1, wherein the ranee from said svmbcl 
to said reader is determined in response to the reflected laser scan line. 

2 C . A r e a de r in accordance with claim 19, further c omp rising va r i ab 1 e 
imaging optics ; wherein the focus of said variable imaging ootics is set 
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e cower ,■ w h e r e 

^3. 3 Said r a h CI 0 



A — 1 



■v- _ 



reader :r. accordance with cla 



c sa:c rarae. 



v^- ^ o d _ 



^ — zl _ 



curse i cr; 



_ ^ ,=i >■- 



; '-a'-^i in. ac ccrdance a::.i :.a:m 1 - 
e :•: vj ccure z i me is sec reccens i v e 



wr.erei c 



id _ Ti Ci '-j 



c r: a r 



reaaer ir. ac:crcance w:::. c^aim li- 
ed i: sard range ic less :har. a pr 
-redetermined far ranae . 



wnere i :i me r mage : 
cece rii ined near r a r. a e cr d r e a c e r 



reaaer r: 



accordance w::h claim 1h, further corner isir.q variable feci: 



r e ^ C ; o r " ^ * r ^ *~ c ^ ~ ^ 



wr.erem cne 
said ranae . 



arc variable rocus laser octics is sec 



" ."V r^acer r a ^ s c r dan ^ **■" w " *~ ^ ^ ^ ~ ^ -.^ - ri • ■ ■ 
decercunec by a curning cn said laser scan line ; 

(b- capturing an image w:ch said cwo dimensional image capture mcdu 

co determine the 



ana 



o r o c e s s i nq said i ma a e with 



1 O ' 



aid scan line on said i ma a e s e n s 



- - reaaer m accordance with claim 26, wherein cnlv the 

interest are read out of said image sensor and processed b \ 
ir.icrocrocesscr . 



aia 



c & p. 



reader in accordance with claim 1, wherein the surface re f 1 ec t i vi t \ 



said s ymb o I is determined in response to the reflected laser scan line. 

25 . A reader m accordance with claim 2 8 , further comprising illumination 
having variable power ; where m the power of said variable cower optics is 
set responsive to said surface reflectivity. 



a reader m accordance witn claim 25, further comprising illumination 
having variable duration; wherein the duration of said variable duration 
illumination is set re scons ive to said surface refleccivitv. 



31. A reader in accordance with claim 28, wherein the two dimensional image 
sensor ' s exposure time is set re spans ive to said surface reflecti v 1 1 v . 
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^ A reader — accordance w::h claim 23, wherein said surface refiec 
i s q e c e r rn i r i e d b ' , r 

i a t urn i nc on sard laser scan line ; 

!b) capturing an image with said two dimensional image capture module; and 
processing said image with said microprocessor. 



23. A reader m accordance with claim 32, wherein onlv the lines of 
interest are read out of said image sensor and processed by said 
microprocessor . 

34 A reader in accordance with claim 1, further comprises a program 
executed on said microprocessor for sequencing the generation of the iase 



a =3 r~\ 1 -i 



- _ ■ j.,-} " — - - ^a^^ i_ w >_j ^^iucjioiui.di iiTidGg caoture 



^3. * reader in accordance with claim 34V, wherein said sequencing 
alternates between the generation of the laser scan lines and capturing 



images witn 



said two dimensional image capture module 



36. A reader in accordance with claim 34, wherein said sequencmcr 
automatically adjusts responsive to a previously decoded symbol. 



— ^ — ^^vj.dj.iUt ^ j,a^nt ^n. wner^in bcuci sequencing io 

controlled by an operator of the reader. 

38. A reader m accordance with claim i, further comprising a multiple 
position trigger, wherein said trigger has a first and a second position. 

3 . A reader in accordance with claim 38, wherein said laser sea- i -re- 
generate r generates a laser scan line responsive to said first cos it ion of 
said triqger. 

4C , A reader in accordance with claim 36, wherein said image capture mcdul 
captures an image responsive to said second position of said tnaaer 

4 1 A reader in accordance with claim 1, wherein said reader furtn- 1 - 
comprises : 

■.a) a collection sensor which produces an electrical signal m response to 
reflected light from said laser scan line; and 

(b; signal processing circuitry for processing said electrical standi 
wherein the processed electrical signal is further processed bv said 
microprocessor . 

42. A. reader in accordance with claim 41, wherein the ranae from said 
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42. A reader :r. accordance with =lai, 


w n e r e 1 n s a " d " m ~ "~ — - - — n , „ ^ , . - 


is tricrcrared i"6 2 cons ivs c ~ ~ r an c ^ - — 53."" ~ ~ _^ — ^ ^ . _ _. - _ . 






4 4. A reader in accordance w i z h claim 41 




-:xe:'j:ed cr. said m 1 c r co r c c e s s c r for 0 vmbc 


^ d e c c d 1 n 0 w h e r e 1 n s a 1 d 




4 z . A reader in accordance w ~ *~ ~^ ' — - m 1 ' 


further comprising a program 


e j'i e c u t e a on s a 1 0 rr.z. ^co^c " ^ s ^ c % ~ f" ~- >~ ^ ^ v- ~ 


immg symbol mformatitn from 


said electrical, whe reby said 3 ymb c 1 1 n r c 1 


~ :ria - L ~ n -3 p r 0 v 1 a e d to s a 1 a 


^ — ■ — ■ "-j " — i_ . — jj. tj- j^wjoiiiu cj ci 1 ^ _L I [ , ci CJ e S 




4c. A reader 1 n acco rear: c e wi on claiT. 41 , 


1 a r t n e r 0 o- m n- r 1 sine a ^. ^ 3 a r a rr 


executed on said microprocessor; for oroce.'i 


■ sing said e 1. e c t r 1 c a . s 1 c*~ a ^ r ■ ' 






4 7 . A reace r .1 n a c c c r dan c e w ion c 1 a 1 m 4 1 B , 


v .v h e r e n s aid e 1 e 0 1 r 1 c a 1 c 1 -z n a I 


10 s 1 c r e a 1 n said m e m 0 r v , 




43. A reader m accordance with claim 41R 


further comprises an A. ~ 


converter :or digitizing Che image sensor ' 


s output . 


49. A reader m accordance with claim 42, 


wherein said elect rica^ sianal is 


digitized by said A/D converter . 




5C. A reader in accordance with claim 41, 


whe r em one surface reflect - '.'it v ' 


is determined m response to the reflected 


laser scan line. 


51. A reader for reading bar code symbols 


and the like having a two 


dimensional image capture module with a fi 


eld of view defining an imaaed 


area, said reader ccmprismc : 




'.a; a two dimensional image sensor ; 




(b) memory; 




■>'c; a microprocessor for processing images 


captured by said image sensor; 


and 




■' d ■ a source of illumination for providing 


substantially un i f c rm 


illumination intensity at least at two ran 


ges from said image caeca re 


module . 
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52. A reader in accordance with claim 5 1 , wnerem said illunmaacn is 
comprised of sources of light: positioned to direct specular reflections 
away from image capture module. 

53. A reader in accordance with claim 51, wherein said illumination 
oomprises a plurality of sources of light, wherein each source is disposed 
tc provide substantially uniform illumination intensity over a scec-v 



ranae 



54. A reader in accordance with claim 53, wherein each of said sources 
light further comprises a cluster of lights. 



n r 



T e a d^ r "i ri qr^r-f-w-^mir-^ ,. T -i*-v, r - -i _ • 



v — L ± 



^^iio^ _ ±dDi t; 



56. A reader in accordance with claim 51, wherein ambient light conditions 
and surface reflectivity are determined by 

(a) capturing an image with said two dimensional image capture module; and 

(b) processing said image with said microprocessor 

57. A reader m accordance with claim 56, wherein said illumination is 
turned on during the image capture for determining said ambient light 



.ait ions and surface reflective *~v 



-8. A reader in accordance with claim 56, further comprising il lamina 
having variable power; wherein the power of said variable power optics is 
set responsive to said surface reflectivity and a^^n- 1 - ah^ ^-.j-;-^-- 

53. A reader m accordance with claim 56 , further comprisina 
i-iumination having variable duration; wherein one duration of said 
variable duration illumination is set responsive to said surface 
reflectivity and ambient light conditions. 

60. A reader in accordance with claim 56, wherein the two dimensional image 
sensor's exposure time is set responsive to said surface reflectivity and 
ambient light conditions . 

51. A reader in accordance with claim 56, wherein only the lines of 
interest are read out of said image sensor and processed bv said 
mi croDrocessor , 
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